We discuss the constraints on the Standard Model Effective Field Theory inferred from global fits to electroweak data. Special attention is paid to two unconstrained combinations of Wilson coefficients that are present when the analysis is restricted to measurements ofψψ →ψψ scatterings. We illustrate how these unconstrained directions arise due to a reparameterization invariance that characterizesψψ →ψψ processes but is not respected inψψ →ψψψψ scatterings. This invariance is independent of the operator basis adopted and of the choice of the input parameters. This is verified comparing the results obtained in the {α em ,m Z ,Ĝ F } input scheme with those of a {m W ,m Z ,Ĝ F } scheme.
Introduction
The Standard Model Effective Field Theory (SMEFT) is a convenient tool for investigating the presence of new physics sectors at an energy scale Λ v, being v 246 GeV the vacuum expectation value of the Standard Model (SM) Higgs field: H † H = v 2 /2. This corresponds to a scenario in which the new exotic states are too massive to be directly produced or studied at the LHC, but indirect evidence for their presence and properties can emerge in the form of anomalies in measured cross-sections or kinematic distributions. The SMEFT provides a systematic and modelindependent parameterization of these effects, based only on electroweak (EW) scale assumptions: the SMEFT Lagrangian is structured as a series of SU(3) c × SU(2) L × U(1) Y invariant operators constructed out of SM fields 1 and ordered by their canonical dimension d:
i that form a complete, non-redundant basis. Assuming conservation of the baryon and lepton numbers, the leading beyond-SM effects are described by the Wilson coefficients C i of the dimension-6 operators. There are 59 + h.c. independent structures in L (6) which, assuming an approximate U(3) 5 flavor symmetry among fermion generations, corresponds to a total of 69 independent parameters [1] . Here we adopt the so-called "Warsaw" basis [2] for L (6) and we use a compact notation in which the factor Λ −2 is implicitly absorbed into the definition of the coefficients.
Global fits to electroweak observables in the SMEFT
Experimental constraints on L (6) can be inferred from a standard global fit procedure to selected measurements. A minimal constraining set of observables is constituted, for instance, by near-Z-pole LEPI data [3] . EFT analyses of this dataset considering the Warsaw basis were carried out, for instance, in Refs. [4, 5, 6] . Expanding on the method developed in [7, 8] , Ref. [6] considered 103 independent measurements from PEP, PETRA, TRISTAN, SpS, Tevatron, SLAC, LEPI, LEPII and low energy precision data, and combined them into a global fit to the 19 relevant Wilson coefficients:
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Although the observables included largely outnumbered the free parameters, two unconstrained directions were found in the fit space, identified as the two null eigenvectors of the Fisher matrix
. This result is in agreement with the previous observations in Refs. [8, 9] and it is further confirmed by the results presented in this talk [10] : the analysis of Ref. Best fit values of the Wilson coefficients (scaled by a factor 100) and corresponding ±1σ confidence regions obtained after profiling away the other parameters [10] . The fit includes W ± pair production data from LEPII and assumes vanishing SMEFT theoretical error.
neglecting a possible SMEFT theoretical error [11, 5, 6, 12] , the unconstrained directions are
Here the superscript α indicates that the result has been obtained using the set {α em ,m Z ,Ĝ F } as input parameters for the EW sector. The presence of unconstrained directions is also tested adopting the alternative scheme {m W ,m Z ,Ĝ F }, finding that this choice affects only the numerical coefficients of (C can be found in Ref. [10] , together with a detailed discussion of the motivations and implementation of a {m W ,m Z ,Ĝ F } input scheme in the SMEFT . In order to minimize the prior dependence of the results, confidence intervals for each Wilson coefficient can be extracted from the χ 2 analysis with a profiling method [6] . Because the latter requires the Fisher matrix to be invertible, the unconstrained directions have to be lifted to complete the global analysis: a known way to achieve this is by incorporatingψψ →ψψψψ scattering data from LEPII to the fit [13, 14] . Following the procedure adopted in Ref. [15] , the initial dataset of 31 EW observables is thus enlarged with 74 LEPII measurements ofψψ →ψψψψ scattering via W ± currents [10] . The confidence regions obtained are shown in Figure 1 for both input schemes. Note that the parameter set has been augmented with C W , that contributes to the anomalous triple gauge couplings λ Z,γ . Remarkably, the fit space is found to be highly correlated, with a mild dependence on the inputs choice, and the strongest correlations appear among the coefficients that participate in the directions w α 1,2 and C W . 
Unconstrained directions and reparameterization invariance
The results described in the previous section point to a peculiar structure of the fit space that, as shown in [10] , can be explained in terms of a reparameterization invariance present inψψ →ψψ processes, such as those used to extract LEPI data, but not respected inψψ →ψψψψ scatterings.
Consider aψψ →ψψ process, mediated by a generic vector boson V with an associated coupling constant g (see Fig. 2, left) . The relevant Lagrangian reads
where V µ ν = ∂ µ V ν − ∂ ν V µ and i, j are flavor indices. At tree level and in the limit of massless external fermions, the scatteringψψ → V →ψψ is invariant under the transformation
that brings the kinetic term of the V field to a non-canonical form without altering the Vψψ couplings. This effect is canceled in the S-matrix by appropriate corrections to the LSZ formula [16] . The transformation (3.2) defines then an unobservable redundancy of description in these processes. At the operator level, this implies that near-Z-pole data cannot probe effective operators that correct the kinetic terms of the W and B fields. In the Warsaw basis these are Q HW and Q HB , which in fact do not contribute to the scattering amplitudes. In addition, because S-matrix elements are invariant under field transformations consistent with Equations of Motion (EOM) relations, ψψ →ψψ processes are also blind to linear combinations of other operators that are equivalent to Q HW , Q HB via EOM. These relations can be written [17, 9, 2, 18] 
where g 1,2 are the U(1) Y and SU(2) L coupling constants and τ I are the Pauli matrices. The tangent of the Weinberg angle is denoted by tθ , and y h = 1/2 is the hypercharge of the H field. Projecting Eqs. (3.3) ontoψψ →ψψ matrix elements and translating to the Wilson coefficients space, one finds that the following vectors cannot be constrained by this class of processes:
(3.4)
The combinations w B and w W constitute a basis for the vector space of unconstrained directions: in fact w α 1,2 can be decomposed as w α 1 = −w B − 2.59w W , w α 2 = −w B + 4.31w W . Analogous expressions are found for w m W 1,2 [10] , indicating that the origin of the unconstrained directions is not related to the choice of input parameters.
The reason why the inclusion ofψψ →ψψψψ processes breaks the degeneracy is related to these scatterings allowing diagrams with triple gauge vertices (TGC), such as that in Figure 2 , right. In the SMEFT, these interactions generally receive contributions often labeled g Z,γ 1 , κ Z,γ , λ Z,γ , that cannot be interpreted as rescalings of the W or B fields. The presence of these terms explicitly breaks the reparameterization invariance. At the operator level, this can be understood noting thatψψ →ψψψψ processes are sensitive to the terms The reparameterization invariance discussed here is a property ofψψ →ψψ processes and not of the SMEFT. This implies, in particular, that the results presented are independent of the operator basis adopted. Nonetheless, the presence of the two unconstrained directions can emerge differently using bases other than the Warsaw one. For instance, if two of the fermionic invariants appearing in Eqs. and (D µ H) † (D ν H)B µν , then the two unconstrained quantities inψψ →ψψ data are just the Wilson coefficients associated to the latter operators (together with C HW , C HB ), rather than the vectors w α 1,2 . Other approaches to the global analysis may also hide the presence of unconstrained directions: this happens, for instance, if the Wilson coefficients are replaced with a non gauge-invariant parameterization in the fit, because the EOM information is typically lost in these cases.
